Objective: To determine whether being admitted with major trauma to an emergency department outside rather than within working hours results in an adverse outcome. Methods: The data were collected from hospitals in England and Wales participating in the Trauma Audit and Research Network (TARN). Data from the TARN database were used. Admission time and discharge status were cross matched, and this was repeated while controlling for Injury Severity Score (ISS) values. Logistic regression was carried out, calculating the effects of Revised Trauma Score (RTS), ISS, age, and time of admission on outcome from major trauma. This allowed observed versus expected mortality rates (Ws) scores to be compared within and outside working hours. As much of the RTS data were missing, this was repeated using the Glasgow Coma Score instead of RTS. Results: In total, 5.2% of people admitted "out of hours" died, compared with 5.3% of people within working hours, and 12.2% of people admitted outside working hours had an ISS score greater than 15, compared with 10.1% admitted within working hours. Outcome in cases with comparable ISS values were very similar (31.1% of cases with ISS .15 died out of hours, compared with 33.5% inside working hours.) The subgroup of data with missing RTS values had a significantly increased risk of death. Therefore, GCS was used to calculate severity adjusted odds of death instead of RTS. However, with either model, Ws scores were identical (both 0%) within and outside working hours. Conclusions: Out of hours admission does not in itself have an adverse effect on outcome from major trauma.
T rauma remains the third most common cause of death worldwide and the leading mode of death in the first four decades of life. In major trauma in the UK, the majority of patients sustain blunt injuries, with road traffic accidents being the most common cause of injury (36.3% of blunt injuries). Small falls (,2 m) account for 33.1% of blunt trauma, the second most common cause of injury. 1 The Royal College of Surgeons believed that improvements to trauma management would significantly reduce mortality and in 1988 suggested a number of changes to both prehospital and hospital care, 2 indicating that implemented changes needed to be assessed to measure their effectiveness.
One way to assess trauma care is to compare the actual outcome of trauma against the predicted outcome. The outcome from major trauma (death or survival) can be predicted using the Trauma and Injury Severity Score (TRISS) method. This uses a measure of the anatomical severity of injury (the Injury Severity score; ISS) with a measure of the physiological disturbance which results from the injury (the Revised Trauma Score; RTS). These can be combined with information on the patient's age and the type of injury (penetrating or blunt) to determine the probability of survival. This has been described elsewhere. 3 Although it has been criticised, TRISS remains a standard method for the prediction of survival from major trauma, and has been used for this purpose since 1988 in the Trauma Audit and Research Network (TARN) in the UK and in the Major Trauma Outcome Study in the USA.
It has been recorded that mortality from major trauma is worse during the night and at weekends compared with working hours. We conducted a literature review on the relationship between time of admission and outcome from major trauma, which revealed that this topic had not been researched extensively, nor had large databases been examined. One article found that the relationship could be due to higher ISS and increased frequency of penetrating trauma suffered outside working hours, as well as the increased volume of major trauma recorded at night and the weekend. 4 The increased amount of major trauma recorded outside working hours may put increased pressure on the reduced resources of the night and weekend shifts, which could then lead to a knock on effect on outcome from major trauma. It is necessary to have access to rapid imaging and an appropriate surgical team for patients with severe haemorrhage, while the provision of critical care and imaging is necessary to manage any sequelae of major trauma. The, at best, delayed availability of surgeons, imaging, and inter-ward transfer could, potentially, hamper treatment outside working hours. Some research has been carried out into the effect of night shifts on the performance of doctors in the emergency department, finding that physicians working consecutive night shifts have a much greater decline in cognitive function than those working day shifts.
5 Doctor errors could therefore be more likely "out of hours". Acute admissions at weekends have been shown to suffer increased mortality rates compared with those admitted during weekdays. This correlates with a decreased level of staffing at weekends. It is suggested that the increased workload and the unpopularity of working weekends could affect the standard of care during this period. 6 In a different field of medicine, it has been reported that perinatal mortality is higher in babies born at night. 7 The seniority of the doctor attending the patient may affect the immediate treatment of patients in accident and emergency, and a lack of senior staff present in the department out of hours could adversely affect outcome from major trauma. Although one study has reported that the Abbreviations: AROC, area under the receiver operator curve; ISS, Injury Severity Score; RTS, Revised Trauma Score; TARN, Trauma Audit and Research Network; TRISS, Trauma and Injury Severity Score; Ws, observed versus expected mortality mortality of injured patients is lower if treated by a more senior doctor, 8 the seniority of doctor has not been found to correlate significantly with any improvement in the observed versus expected number of survivors per 100 cases (Ws statistic). 9 The relationship between time of admission and factors such as ISS, RTS, and age was tested to see if admission out of hours has an independent effect on mortality after major trauma. Our null hypothesis was that there is no statistically significant difference in case fatality out of hours compared with within working hours.
METHODS

Data and inclusion criteria
Cases were included in the study, which comprised patients presenting between 1999 and 2001, inclusive and submitted by participating hospitals to TARN (which includes 50% of trauma receiving hospitals in England and Wales). Eligible patients were those of any age who sustained injury resulting in immediate admission to hospital for 3 days or longer, admission to an intensive care or a high dependency unit, or death within 93 days. Excluded cases were patients over 65 years of age with isolated fracture of the femoral neck or pubic ramus, and those with single uncomplicated limb injuries. Any patients transferred between hospitals were also excluded from the study. Details of TARN have been described elsewhere, 9 Working hours were defined as Monday-Friday 0900-1700. All other times were defined as out of hours.
Initial comparisons
Initial analysis of outcome of trauma inside and outside working hours was carried out using a 262 contingency table to show crude mortality within and outside working hours using x 2 testing to show statistical significance. Further analysis was performed by cross tabulation between ISS converted into a categorical variable with three bands (1-8, 9-15, and .15) , and time of admission.
Multivariate analysis
The data were entered into a logistic regression model to look at the outcome against the categorical variables of age and admission time and the continuous variables of revised trauma score and injury severity score. Area under the receiver operator curve (AROC) was used to demonstrate model performance.
As the full RTS was not always available, owing to respiratory rates frequently not being recorded, an analysis of missing data was carried out to see if they varied significantly from the data used in the analysis (that is, complete data). If any difference was shown, then it was planned a priori to use GCS instead of RTS to increase the number of cases in the model. The performance of the England and Wales trauma system within and out of hours was then compared using a further standardisation for case mix, which TARN routinely uses to benchmark trauma system performance -the ''Ws'' score, or observed versus expected mortality rate. As part of a sensitivity analysis that the effect of out of hours may be most prominent at the weekend this last Ws scoring was repeated by reclassifying the data, with 0900 Monday to 0900 Saturday being defined as working hours RESULTS A total of 13 804 patients were admitted within working hours, compared with 27 062 patients admitted outside working hours (see 
Multifactorial results
From the 41 534 cases in the study, 12 624 (31%) were missing from the multifactorial analysis using logistic regression, owing to RTS values not being available. Values for all the other variables in the logistic regression model had no missing data. Table 3 demonstrates the odds ratio (OR) for each independent variable. This demonstrates the effect each variable has on the odds of death with its introduction into the logistic regression model. The first row of figures is empty as this is the baseline age range. All other age values are compared with this. The time of admission reflects the effect of admission outside working hours on odds of death. It is evident that there is not a large effect on the odds of death (OR = 0.99, 95% confidence interval (CI) 0.85 to 1.16, p = 0.934). Age, ISS, and RTS all had a highly statistically Working hours Time not recorded Figure 1 Graph of ISS against admission time. Results are given as n (%).
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Analysis of missing data
The proportion of patients with missing RTS data presenting out of hours was 65.1%. The mean ISS and age were identical in cases with and without missing data (ISS 9 and 46 years). However, 6.8% of people with RTS data missing died, compared with 4.6% of people with complete data (x 2 = 85.4, p,0.001).
Owing to the marked increase in deaths from trauma in patients with missing data, a second multifactorial analysis was performed, using GCS instead of RTS, resulting in the number of cases not included being reduced to 4277 of 41 534 (10.3%). The OR of time of admission out of hours in the new multivariate analysis was 0.92 (95% CI 0.80 to 1.06, p = 0.232, AROC = 0.94). However, once this was further standardised for case mix the observed versus expected mortality rates were similar within and out of hours whichever model was used (fig 2) . When the patients were reclassified, with 9am-9am Monday-Saturday defined as within hours, the result was identical (data not shown).
DISCUSSION
This analysis has shown no statistically significant relationship between time of admission and mortality from major trauma once other confounding variables (GCS, ISS, and age) were accounted for via multiple linear logistic regression. The null hypothesis, as described in the introduction, stated that there is no relationship between time of admission and case fatality from major trauma, and is supported.
The other variables (age, ISS, and GCS) have a statistically significant effect on outcome from major trauma (p,0.001). This was to be expected as these variables form the basis for the TRISS method of predicting the outcome from major trauma. Greater age had an increasing effect on odds of death from major trauma, as can be seen from the OR values, which escalate with increasing age. ISS had an OR of 1.1 and GCS had an OR of 0.71, illustrating the inverse relationship between GCS and outcome from major trauma.
The greater number of deaths seen out of hours (1412 versus 734) is due to the much larger number of patients admitted outside our definition of working hours. This increase in admissions could be explained by the fact that there are 128 hours per week out of hours compared with only 40 within hours. Any other reasons for the increased number of cases cannot be proven with this analysis.
Analysis of ISS against time of admission found that a greater percentage of patients admitted within out of hours have ISS scores .15 (12.2% v 10.1%). This is statistically significant. Once ISS values had been compared with hour of admission and outcome from major trauma, the percentage of people dying outside working hours with ISS .15 was found to be less than the percentage of people dying within working hours (31.1% v 33.5%). This analysis is a better indicator of the differences between the two admission periods, and shows that there may be little difference in terms of standard of care, as people with similar injury severity scores are faring equally well within and outside working hours, in agreement with the original null hypothesis. Although the outcome from major trauma seemed better outside working hours in this analysis, going against the original hypothesis that patients' outcome from major trauma will be worse outside working hours, there was no significant difference between the two time periods.
It is not apparent why the differences previously noted between care out of hours and within normal working hours should have no effect on case fatality from major trauma in our multivariate analysis. However, various articles have alluded to an equality of care out of hours. It has already been mentioned that the observed versus expected number of survivors per 100 cases (Ws statistic) is not significantly different in patients being seen first by consultants. 9 Therefore, their decreased availability out of hours may not have a great impact on outcome from major trauma. One study found that there was no difference in mortality between patients treated by in house and on call surgeons, provided that the surgeon arrived within 15 minutes. Certain subsets of patient, however, may benefit from the presence of in house surgeons. 10 There are some potential problems with the analysis. The sample was large, although the large amount of missing RTS data means that GCS was used in its place for the final analysis. The accuracy of GCS in predicting outcome from trauma was good (p,0.001). Therefore, its use, by increasing the number of cases in the model, seems justified. The data Table 3 Odds ratios for factors predicting death after major injury, and for predicting death after major injury, using GCS in place of RTS Figure 2 Standardised observed versus expected mortality rates (Ws scores) for patients presenting within and out of hours.
were only analysed in terms of outcome from major trauma within and outside working hours. It is possible that there might be a difference between weekdays and weekends as out of hours at a weekend covers all 24 hours of the day whereas on a weekday, out of hours covers just 16 hours. However, the sensitivity analysis (data not shown), redefining working hours as 0900 Monday to 0900 Saturday, gave results identical to those presented in this paper. As mentioned earlier, there is a longer time period within our definition of out of hours, creating a larger pool of data. However, this should not have affected the proportional analyses used in this report.
Patients presenting out of hours may differ greatly to those presenting inside the time period 0900-1700. One study found that over 50% of the 15-24 year age group attend out of hours. As this age group tends to stay out late at night and have alcohol related injuries such as assault or road traffic accidents, this may cause a greater degree of major trauma outside working hours. 11 This finding agrees with another study, which found that young men are at a particularly higher risk of suffering road traffic accidents at night, suggesting that the roles of lifestyle, peer pressure, and inexperience may make this age group particularly at risk of serious accidents. A peak of fatal road traffic accidents was found at night. 12 It is interesting in our study that the mortality of minor trauma (ISS,16) was higher during than outside working hours(2.0 v 1.5%, p,0.001). This almost certain reflects the higher mortality of older patients, who tend to present during working hours.
The influence of the time of day on outcome from major trauma has been demonstrated by one preliminary study that found that the outcome from major trauma is worse around the early morning (0500-0700), perhaps due to depleted levels of cortisol (G McMahon, personal communication) . Therefore, it may have been beneficial to look at specific hours in terms of relationships with outcome from major trauma.
Several of criticisms have been levelled at TRISS methodology in terms of its accuracy in predicting outcome from major trauma, and its inability to predict resource utilisation, which would help in effective trauma centre quality improvement programmes. 13 However, this report is not strictly concerned with TRISS, but rather with the ability of multiple linear logistic regression to determine whether time of admission is a significant factor in determining outcome from major trauma. The accuracy of ISS and GCS in predicting outcome from major trauma may therefore influence the accuracy of the model in calculating the effect of time of admission on outcome from major trauma. As ISS does not assess more than one severe injury from the same body part, its evaluation of trauma severity might be improved. GCS has not been used by itself in the past to predict outcome from major trauma. However, GCS and ISS both proved statistically significant in predicting outcome from major trauma. This is not surprising as the GCS, by its weighting, is the major component of the RTS. This study did not differentiate patients with penetrating trauma from those with blunt trauma. However, owing to the small proportion of patients with penetrating trauma admitted to the database hospitals, it was not felt that this would have a statistically significant effect on the results.
CONCLUSIONS
A greater percentage of trauma patients admitted outside working hours (outside Monday-Friday 0900-1700 suffer ISS scores .15 (12.2% v 10.1%). However out of hours presentation does not increase mortality from major trauma once other confounding variables (GCS, ISS, and age) had been accounted for via multiple linear logistic regression.
